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Introduction
Mineral analyses of leaves of crop plants and of forest trees have often been used to assist in the interpretation of the nutrient status of soils of various habitats. Numerous analyses have also been made of the physicochemical properties of sap expressed from the leaves of native shrubs of desert and desertsteppe habitats (HARRIS, 1934) . Little information is available, however, concerning the seasonal uptake of minerals by shrubs of desert-steppe habitats.
This paper presents the results of mineral analyses of the leaves of greasewood, Sarcobatus vermiculatus (Hook.) Torr., and hopsage, Grayia spinosa (Hook.) Moq., collected periodically from spring leaf-out to leaf-fall during 1963.
Material and methods
Leaves were picked by hand from mature greasewood and hopsage shrubs growing in mixed stands on the 800-acre radioecology field facility located near the western margin of the Hanford Reservation, Benton County, Washington. About the same quantity of leaves from four shrubs of each species was picked, promptly weighed, then dried at 1050 C. The dry leaves were crushed and mixed to form a single sample for analysis of calcium, sodium, and potassium by flame spectrophotometric techniques, and EDTA titration was used for magnesium determinations. Plant material was ashed at 4500 C and digested in nitric acid. The influences of other elements in photometric analysis were recognized and corrected for. Determination of calcium was made after coprecipitation with strontium oxalate (KEOUGH, 1964) . Soil moisture content was also periodically determined on soil samples taken at 2 dm intervals to a depth of 1 m in intershrub areas. Percentage of soil moisture was determined on a dry-weight basis, that is, after drying at 1050 C. Soil analyses were made by the Soil Testing Laboratory, Washington State University, Pullman, Washington.
Results and discussion
Greasewood and hopsage are brittle-stemmed, intricately branched, spinose shrubs belonging to the family Chenopodiaceae. Both shrubs have wide geographic distribution in the arid region of western United States. In the Great Basin greasewood is the principal phreatophyte of the shadscale vegetation zone, except along permanent streams, while hopsage is scattered throughout the matrix vegetation of the zone (BILLINGS, 1951) . Hopsage is also a component of the matrix vegetation of the creosote-bush zone in southern Nevada (RICKARD, 1963) . In the Hanford Reservation sagebrush (Artemisia tridentata Nutt.) usually dominates the natural vegetation mosaic, but hopsage is often associated with it over wide areas. Greasewood is limited in distribution, however, being restricted to a few acres in the vicinity of the study area.
Sodium was the most abundant cation measured in greasewood leaves and potassium the most abundant in hopsage leaves ( fig. 1 ). Sodium content of greasewood leaves steadily increased from about 45 mg/g in late April to 118 mg/g in early November. Potassium steadily increased in hopsage leaves from 40 mg/g in early April to 108 mg/g in mid-July ( fig. 1 ). Potassium was high in greasewood leaves, exceeded only by sodium, but sodium was only sparingly represented in hopsage leaves. The calcium and magnesium contents of hopsage leaves were higher than those of greasewood leaves. As the growing season progressed the potassium content of greasewood leaves decreased and calcium content increased fig. 1) . The potassium and calcium contents of leaves of loblolly pine and apple have been reported to follow a somewhat similar pattern, with potassium apparently being translocated from leaves to perennial tissues (OLAND, 1963; WELLS and METZ, 1963) . Apparently, potassium is not translocated out of the leaves of hopsage prior to abscission, possibly because of a deficiency of soil moisture and changes in internal physiology. The moisture content of hopsage leaves abruptly declined in early June at the time of a marked depletion of soil moisture in the upper meter of the soil profile ( fig. 1) . The moisture content of greasewood leaves remained high through the summer and into early fall, substantiating the observations made by BILLINGS (1951) that greasewood is capable of obtaining moisture from a deep water table. The early summer leaf abscission of hopsage functions to reduce transpiration during the hottest and driest months of the year and may also be an effective means of removing annual accumulations of ions from the plant system. Members of the Chenopodiaceae are acknowledged halophytes. The cellular uptake of ions is believed to enable these kinds of plants to obtain water from saline soils. When new leaves of hopsage and greasewood emerge in the spring, soil moisture is optimal, at least in this region of marked winter precipitation, and leaves are relatively low in mineral content. When soil moisture stresses had increased and leaf mineral content was maximal, leaf abscission occurred in hopsage ( fig. 1 ). Greasewood leaves abscised late in the season, when sodium content was high but when available soil moisture was probably not greatly diminished, assuming that greasewood obtains the water used in metabolic processes from a permanent water table. An inference is that leaf abscission in greasewood is an effective means of removing excess sodium from the plant system but is not necessarily a mechanism for water conservation.
The uptake of large quantities of sodium and potassium by greasewood and hopsage, respectively, has ecological ramifications concerning the spatial distribution and mineral nutrition of associated herbaceous non-halophytes. Greasewood contributed to increases in the exchangeable sodium content of soil beneath shrub canopies, while hopsage contributed to the exchangeable potassium content of soils beneath their canopies (table 1) . Studies in Utah saltdesert communities have suggested that greasewood does not require sodium for growth but merely tolerates alkali conditions (FIREMAN and HAYWARD, 1952; GATES, STODDART, and COOK, 1956) .
The role of greasewood and hopsage on the mineral uptake of associated herbaceous plants remains to be investigated. A few precursory analyses were made on the mineral content of cheatgrass (Bromus tectorum L.) growing adjacent to greasewood and hopsage canopies and in adjoining intershrub areas (table 2). Sodium content was higher in cheatgrass plants adjacent to greasewood than in those adjacent to hopsage and from the adjoining non-canopy areas. It has been reported that when sodium was added to soil, an increase in the sodium content of crop plants was noted (BERNSTEIN and PEARSON, 1956 ). Calcium and potassium were better represented in the grass samples collected from beneath both greasewood and hopsage than in those collected in intershrub areas. Although grass samples taken beneath shrub canopies may contain cations contributed by leaf drip and leaching from overhanging shrub branches, contribution of cations from these sources is probably minimal in this region of low rainfall.
Five greasewood shrubs in the study area were selected for harvest. The ground area occupied by the canopy-spread of each shrub was determined. All leaves present in mid-July were picked by hand from each shrub after clipping all leafy branches. The weight of leaves harvested varied according to the size and vigor of individual shrubs. Dry-leaf yields ranged between 166 and 270 g/m2 of canopyspread and averaged 213 g/m2. One hopsage shrub harvested in mid-July, when the plant was in full leaf, yielded 97 g of dry leaves/m2 of canopy-spread.
Employing the cation contents of leaves just prior to the time of leaf abscission (see fig. 1 ), it was calculated that an average value of 25 g of sodium and 3.2 g of potassium was contained in the leaves of greasewood/m2 of canopy-spread, while hopsage leaves contained about 10.5 g of potassium/m2 of canopy-spread.
A line-intercept analysis of a 30 X 30m plot in the study area showed that 15% of the ground was occupied by the canopies of greasewood shrubs and 5%7 by hopsage canopies. The amount of sodium present in greasewood leaves/m2 of ground was calculated to be about 3.75 g/m2 and the amount of potassium about 0.48 g/m2. Only a small amount of sodium was present in hopsage leaves, but about 0.52 g/m2 of potassium was present. It was determined that about 3.8 g of sodium and 1 g of potassium/m2 of habitat is annually deposited by greasewood and hopsage in this desert-steppe community.
Such pronounced mineral accumulations by greasewood and hopsage have ecologic implications for mineral-cycling studies and suggest the employment of radioisotopes to elucidate the cycling rates of minerals in a desert-steppe ecosystem.
